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SUMMARY 
During the October  Superf lux experiments  a remote sensing experiment w a s  
conducted i n  which success depended upon t h e  real-time use of  a new algori thm, 
generated from MOCS (Multichannel Ocean Color  Sensor)  data  onboard the NASA P-3 
a i r c r a f t ,  t o  d i r e c t  t h e  NOAA sh ip  Ke lez  to  ocean ic  s t a t ions  where  v i t a l ly  
needed sea t ru th  cou ld  be  co l l ec t ed .  Remote d a t a  sets co l l ec t ed  on  2 consecu- 
t i ve  days  o f  t he  mis s ion  were cons i s t en t  w i th  the  sea t r u t h  f o r  low concentra- 
t i ons  o f  ch lo rophy l l  a. Two ocean ic  r eg ions  o f  spec ia l  i n t e re s t  were loca ted  
and are being analyzed.  
INTRODUCTION 
A s  plans  for  the  Super f lux  exper iments  were tak ing  shape ,  a new ocean 
co lor  a lgor i thm for  remote ly  moni tor ing  suspended  so l ids  w a s  under investiga- 
t i o n .  The a lgor i thm is t h e  outcome  of  analyses  of  remote  data  collected  over 
a 6-year  period  with MOCS (Multichannel Ocean Color  Sensor).  Most of   the MOCS 
da ta  w e r e  c o l l e c t e d  i n  n e a r s h o r e  r e g i o n s  o v e r  plumes cons i s t ing  o f  complex 
mixtures   of   suspended  sol ids .  To v e r i f y  t h e  p o t e n t i a l  o f  t h e  a l g o r i t h m ,  d a t a  
w a s  needed from offshore regions away f rom the  h igh  turb id i ty  waters i n  t h e  
c o a s t a l  z o n e .  I n  p a r t i c u l a r ,  d a t a  w a s  needed  over  deep water where 
ch lorophyl l  a concen t r a t ions  va ry  be tween  0 .1  to  10  pg/R. The expec ted  pa r t i c i -  
pa t ion  in  the  Supe r f lux  expe r imen t s  of t h e  NOAA sh ip  Kelez ,  wi th  i t s  c a p a b i l i t y  
o f  c o l l e c t i n g  sea t r u t h  d a t a  o f f s h o r e  and ana lyz ing  water samples! onboard, 
o f f e red  an  exce l l en t  oppor tun i ty  fo r  ob ta in ing  the  v i t a l ly  needed  da ta  to  
ve r i fy  the  a lgo r i thm.  
The Superf lux experiments  a lso presented an opportuni ty  for  demonstrat ing 
t h e  p o t e n t i a l  o f  t h e  MOCS-aircraft real-time ocean color  analyzer  system. This  
system w a s  deve loped  fo r  d i r ec t ing  sh ips  to  pos i t i ons  where  sea t ru th  cou ld  be  
c o l l e c t e d  d u r i n g  t h e  o v e r f l i g h t s .  On pas t  mi s s ions  in  wh ich  the re  w a s  l i t t l e  
o r  no foreknowledge of the compositions and concentrations of the suspended 
s o l i d s  i n  t h e  r e g i o n  o f  s t u d y ,  sea t r u t h  d a t a  were g e n e r a l l y  c o l l e c t e d  a t  even- 
l y  s p a c e d  p o i n t s  a l o n g  f l i g h t  t r a c k s .  The degree  o f  success  in  ob ta in ing  the  
needed sea t r u t h  by t h i s  h i t  o r  m i s s  technique has  not  been high.  One purpose 
o f  t h i s  p a p e r  is t o  show tha t  mi s s ion  success  can  be  g rea t ly  improved with the 
MOCS real-time system, which relies on t h e  new a l g o r i t h m  f o r  i n t e r p r e t i n g  t h e  
co lor  of  the  ocean .  
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MOCS-AIRCRAFT REAL TIME OCEAN COLOR ANALYZER (MARTOCA) 
There are two b a s i c  p a r t s  t o  t h e  MARTOCA system: the MOCS i t s e l f  and t h e  
data  processing subsystem. MOCS is a v is ib le  imaging  spec t roradiometer  which  
pe r fo rms  mul t i spec t r a l  s cann ing  e l ec t ron ica l ly  by  means of  an image d i s s e c t o r  
( r e f .  1). It cove r s   t he   v i s ib l e   r eg ion   o f   t he   spec t rum,  400 t o  700 nanometers, 
i n  20 ad jacen t  bands  ( t ab le s  1 and 2 ) .  As shown i n  f i g u r e  1, the  output   f rom 
MOCS is f e d  i n t o  a n  A/D conver t e r ;  a l l  t h e  d a t a  i s  s t o r e d  s e r i a l l y  on an analog 
tape  recorder .  
By means o f  t h e  d a t a  s e l e c t o r  i n  t h e  real-time subsystem, samples  of  the  
da t a ,  u sua l ly  cen te r -o f - t r ack  da ta ,  are processed  and  s tored  in  a microprocessor;  
t h i s  d a t a  c a n  b e  s t o r e d  i n  and recalled from a d i g i t a l  t a p e  r e c o r d e r .  During 
f l i g h t ,  o r  i n  t h e  l a b o r a t o r y ,  a thumb whee l  a lgo r i thm se l ec to r  is used  to  d is -  
p l ay  on an x-y o s c i l l o s c o p e  c r o s s  p l o t s  o f  t h e , a l g o r i t h m  o r  p l o t s  o f  t h e  
a l g o r i t h m  v e r s u s  d i s t a n c e  a l o n g  t h e  f l i g h t  t r a c k .  An example  of  the x-y d i s -  
p lay  is  p r e s e n t e d  i n  t h i s  p a p e r .  
I n  a much improved version of t h e  real-time system current ly  under  develop-  
ment,  Loran C d a t a  w i l l  b e  f e d  i n t o  a minicomputer along with MOCS d a t a .  With 
t h i s  s y s t e m  l a t i t u d e  a n d  l o n g i t u d e  p o s i t i o n s  o f  s p e c i a l  o c e a n i c  f e a t u r e s  c a n  b e  
determined rapidly and accurately.  
ALGORITHM 
Background 
The a lgor i thm is an outcome of  the invest igat ion of  MOCS d a t a  by means of 
c h a r a c t e r i s t i c   v e c t o r   a n a l y s i s   ( r e f .  2 ) .  The data   col lected  over   Chesapeake 
Bay plumes reveal s p e c i f i c  e i g e n v e c t o r s  a s s o c i a t e d  w i t h  s p e c i f i c  r e g i o n s  on 
both  s ides  of  major  plume boundar ies .  These  e igenvec tors  have  charac te r i s t ic  
f e a t u r e s  which c o n s i s t e n t l y  a p p e a r ,  b u t  t h e i r  re la t ive magnitudes vary due to 
in t e r f e r ing  env i ronmen ta l  f ac to r s ,  such  as so la r  e l eva t ion ,  c loud  cove r ,  and 
sea s ta te .  One of ten-neglec ted  var iab le  i s  ocean  su r face  r e f l ec t ion  wh ich  can  
va ry  s ign i f i can t ly  ac ross  boundar i e s  s epa ra t ing  d i f f e ren t  water masses. MOCS 
d a t a  i n  c o n j u n c t i o n  w i t h  sea t r u t h  d e m o n s t r a t e  t h a t  m a g n i t u d e  v a r i a t i o n s  i n  t h e  
upwe l l ing  l i gh t  due to such environmental changes can be much l a r g e r  t h a n  t h e  
signal v a r i a t i o n s  r e s u l t i n g  f r o m  d i f f e r e n t  a l g a e  c o n c e n t r a t i o n s .  To show t h e  
e f f e c t s  of the  envi ronmenta l  fac tors  on s p e c t r a l  f e a t u r e s  and t o  s i m p l i f y  t h e  
d iscuss ion  of  the  bas i s  for  the  a lgor i thm,  compar isons  be tween two pa i rs  of 
MOCS s p e c t r a  are presented .  
I n  f i g u r e  2 t h e  f i r s t  p a i r  of raw MOCS d a t a  w a s  c o l l e c t e d  2 n a u t i c a l  miles 
a p a r t  a c r o s s  a Chesapeake Bay plume  boundary. Most  of t h e  s i g n a l  v a r i a t i o n  
between  the two spectra seems t o  b e  d u e  t o  a l g a e  c o n c e n t r a t i o n .  I f  s o ,  t h e  p l o t  
i n  f i g u r e  3 o f  t h e  d i f f e r e n c e s  i n  p e r c e n t  of t h e s e  spectra shows f e a t u r e s  
a s soc ia t ed  wi th  the  abso rp t ion  and s c a t t e r i n g  p r o p e r t i e s  o f  a l g a e .  F o r  
example,  the chlorophyll  a abso rp t ion  band in  the  r ed  r eg ion  o f  t he  spec t rum 





f l i g h t ,   s u c h   d i f f e r e n c e   s p e c t r a   c o u l d   b e   u s e d   t o   i d e n t i f y   a n d  map a lgae .  Find- 
ing  such  pa i rs  of  spec t ra ,  however ,  is the  excep t ion  r a the r  t han  the  ru l e .  
A more t y p i c a l  case c a n ' b e d e m m s ' t r d t e d w i t h  t h e  s p e c t r a  i n  f i g u r e  4 co l -  
l e c t e d  on d i f f e ren t  days  unde r  d i f f e ren t  env i ronmen t s  fo r  low and high concen- 
t r a t i o n s  o f  c h l o r o p h y l l  5. The l a rge  magn i tude  d i f f e rences  in  the  two s p e c t r a  
i n  f i g u r e  4 ( a )  are a r e su l t  o f  env i ronmen ta l  f ac to r s ,  no t  t he  a lgae .  The  two 
s p e c t r a  are shown n o r m a l i z e d  i n  f i g u r e  4 ( b )  t o  i l l u s t r a t e ,  as i n  f i g u r e  3,  t h e  
small d i f f e r e n c e s  i n  t h e  s p e c t r a l  s h a p e s .  I n  f i g u r e  5 ,  t h e  d i f f e r e n c e  s p e c t r a  
f o r  t h i s  p a i r  h a v e  f e a t u r e s  similar t o  t h o s e  i n  f i g u r e  3 b u t  d i s t o r t e d  by en- 
v i ronmenta l  fac tors .  Analyses  of  o ther  MOCS da t a  have  shown tha t  envi ronmenta l  
p a r a m e t e r s  d i s t o r t  s p e c t r a l  s i g n a t u r e s  o f  s u s p e n d e d  s o l i d s  u n e q u a l l y  a c r o s s  t h e  
v i s i b l e  s p e c t r u m ,  t h e  v a r i a t i o n  b e i n g  g r e a t e r  i n  t h e  r e d  r e g i o n  of the spectrum 
t h a n  i n  t h e  b l u e .  S i n c e  t h e s e  v a r i a t i o n s  w i l l  c a u s e  s i m p l e  r a t i o s  o f  s p e c t r a l  
bands,  as w e l l  as s i n g l e  band da ta ,  to  vary  wi th  envi ronmenta l  changes ,  i t  i s  
d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  t o  u s e  t h e s e  r a t i o s  t o  r e m o t e l y  q u a n t i f y  s u s p e n d e d  
matter i n  t h e  o c e a n  w i t h o u t  e x t e n s i v e  sea t r u t h .  An a lgor i thm is  needed which 
moni tors  on ly  the  s ign i f icant  in format ion  in  each  spec t rum,  e .g . ,  for  one  
pa r t i cu la r  r eg ion ,  t he  in fo rma t ion  wi th in  the  enve lope  de f ined  by t h e  s p e c t r a l  
d i f f e r e n c e s  i n  f i g u r e  3 .  
Equation 
The cons i s t ency  o f  spec t r a l  f ea tu re s ,  such  as t h o s e  i n  f i g u r e  3 ,  i n  con- 
junc t ion  wi th  the  problems assoc ia ted  wi th  the  envi ronmenta l  fac tors  led  the  
a u t h o r  t o  i n v e s t i g a t e  t h e  a l g o r i t h m  
where S is t h e  MOCS s i g n a l   f o r  band j and m and n are cons tan ts .   This  
a lgor i thm,  which  ampl i f ies  and  moni tors  changes  in  the  spec t ra l  fea tures ,  has  
been  labe led  " inf lec t ion  ra t io  a lgor i thm."  
j 
The r a t i o n a l e  f o r  t h i s  a l g o r i t h m  is  based  on  the  pr inc ip le  tha t  a t  l eas t  
t h r e e  p o i n t s  are r e q u i r e d  t o  d e f i n e  a spec t r a l  f ea tu re .  Cons ide r  t he  
ch lorophyl l  a abso rp t ion  band i n  f i g u r e  3 t ha t  can  be  de f ined  by bands 17, 19, 
and 20. A number of  a lgor i thms us ing  three  bands  are, of  course ,  poss ib le ,  




vary with the environment .  Analyses  of  MOCS data  have shown t h a t ,  w h i l e  s i m p l e  
r a t i o s  s u c h  as 
s19 and - 
’17 s19 
s20 
vary  wi th  the  envi ronment ,  the  ra t io  of  the  two r a t i o s  v a r i e s  s i g n i f i c a n t l y  
less. Thus, 
5 19 -
s17 = - 5 9  - s19 
& ’17 s20 
s19 
which  by  equation  (1) is  e q u a l  t o  ‘19,2,1 
A s  a f i r s t  s t e p  t o w a r d  s i m p l i f y i n g  t h e  a n a l y s e s ,  t h e  a u t h o r  i n v e s t i g a t e d  
a l l  forms  of  the G a lgor i thm  in  which  m equa l s  n o r  
j ,m,n 
Subsequently,  as a f u r t h e r  s i m p l i f i c a t i o n ,  a l l  p o s s i b l e  v a l u e s  of t h i s  
a lgo r i thm  fo r  m = 2 ,   o r  
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were inves t iga t ed   because   (1 )   t he  smaller t h e  v a l u e  o f  m t h e  less t h e  i n f l u -  
ence of the environment on the  a lgor i thm,  and  (2) t h e  s p e c t r a l  f e a t u r e s  h a v e  
ha l f -wid ths  of  about  30 nanometers  or  grea te r .  
I n f l e c t i o n  r a t i o  s p e c t r a  f o r  m = 2 derived  from MOCS s p e c t r a  c o l l e c t e d  
o v e r  r e l a t i v e l y  clear water on  var ious  miss ions  are shown i n  f i g u r e  6 .  The 
atmospheric and sea condi t ions  var ied  f rom miss ion  to  miss ion  and  the  so la r  
e l e v a t i o n  a n g l e  d u r i n g  each ove r f l i gh t  va r i ed  wide ly ,  as i n d i c a t e d  i n  t h e  
f igu re .  S ince  these  cu rves  are ve ry  cons i s t en t ,  one  can  be  se l ec t ed  as a 
s tandard  for  examining  the  relative changes i n  t h e  i n f l e c t i o n  r a t i o  s p e c t r a  
f o r  d i f f e r e n t  water masses through the  equat ion  
P l o t s   o f  H f o r   t h e  two MOCS s p e c t r a   i n   f i g u r e  4 are shown i n   f i g u r e  7. 
j ,2 
By comparing figure 7 w i t h  f i g u r e  5 ( o r  f i g .  3) f e a t u r e s  i n  t h e  i n f l e c t i o n  
r a t io  spec t rum of  high chlorophyl l  a concen t r a t ion  can  be  a s soc ia t ed  wi th  the  
spectral f e a t u r e s  o f  a l g a e . .  T h i s  i n f l e c t i o n  r a t i o  s p e c t r u m  c o n s i s t e n t l y  c a n  
be  generated  from MOCS data  co l lec ted  over  s t rong  a lgae  p lumes .  While t h e  
co r re spond ing  d i f f e rence  spec t r a ,  as i n  f i g u r e  5 ,  c o u l d  v a r y  d r a s t i c a l l y  f o r  
da t a  co l l ec t ed  ove r  t he  same a lgae  concent ra t ions  but  under  d i f fe ren t  envi ron-  
men t s ,  t he  in f l ec t ion  r a t io  spec t r a  appea r  t o  r ema in  r e l a t ive ly  cons t an t .  
A second  type  o f  i n f l ec t ion  r a t io  spec t rum,  o f t en  appea r ing  bu t  no t  c l ea r -  
l y  i d e n t i f i e d ,  is  shown i n  f i g u r e  8. Ind i r ec t   ev idence ,   however ,   p r io r   t o   t he  
Superf lux experiments  suggested this  spectrum may be  a s soc ia t ed  wi th  o rgan ic  




Because of several f a c t o r s ,  t h e  w e a t h e r  i n  p a r t i c u l a r ,  t h e  g o a l  of t h e  
MOCS experiment  of  col lect ing deep ocean data  a long.with adequate  sea t r u t h  
w a s  no t  m e t  dur ing  the  spr ing  and  summer Superflux experiments.  Thus, f o r  t h e  
October mission a p l an  w a s  fo rmula t ed  fo r  i nc reas ing  the  p robab i l i t y  of mission 
success and a t  t h e  same t i m e  fo r  demons t r a t ing  the  real t i m e  c a p a b i l i t y  of t h e  
MOCS system. 
The b a s i c  p l a n  c o n s i s t e d  o f  2 consecutive days of MOCS d a t a  c o l l e c t i o n  
m i s s i o n s  f r o m  a n  a i r c r a f t  a l t i t u d e  o f  2 . 3  km. An explora tory  miss ion  would 
be  conducted  on  the f i r s t  day  wi th  or  wi thout  sea t r u t h  c o l l e c t i o n .  The P-3 
a i r c r a f t  would b e  d i r e c t e d  t o  f l y  o u t  t o  and along the sh-elf  break in  search of  
a region where,  based on t h e  MOCS a lgor i thm,  a d e f i n i t e  c h l o r o p h y l l  a concen- 
t r a t i o n  g r a d i e n t  e x i s t e d  a c r o s s  a boundary separat ing two d i f f e r e n t  water 
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masses. I f  such a r e g i o n  were l o c a t e d ,  t h e  NOAA sh ip  Kelez  would b e  d i r e c t e d  t o  
c o l l e c t  sea t r u t h  d a t a  i n  t h a t . r e g i o n  d u r i n g  t h e  o v e r f l i g h t s  on the second day. 
Due to  a i rway  r e s t r i c t ions  du r ing  the  expe r imen t  t he  P-3 f l i g h t s  were 
c o n f i n e d  t o  a narrow corr idor  between la t i tudes36 '55 '  N and 37'2' N. Fortunate- 
l y  o u r  f i r s t  f l i g h t  t r a c k  a l o n g  l a t i t u d e  36'56' N r e s u l t e d  i n  d a t a  c o l l e c t i o n  
over  several d i f f e r e n t  water masses i n c l u d i n g  t h e  d e s i r e d  c h l o r o p h y l l  5 grad ien t .  
In  add i t ion ,  t he  expe r imen t  w a s  f o r t u n a t e  enough t o  h a v e  t h e  K e l e z , a v a i l a b l e  t o  
c o l l e c t  sea t r u t h  on both days.  
The mission began a t  1:00 a.m.  on October 21, 1980, when t h e  Kelez col-  
l e c t e d  t h e  f i r s t  o f  a series of water bucket samples as i t  steamed toward the 
end  of  the  t rack ,  shown i n  f i g u r e  9 ,  t o  await t h e  P-3 o v e r f l i g h t s .  By 8:53 a.m. 
when t h e  P-3 began i t s  o v e r f l i g h t  a l o n g  t h e  same t r ack ,  t he  Ke lez  w a s  s t a t i o n e d  
a t  36'56' N,  74'20' W. Using the MOCS a lgo r i thm a well-defined  boundary w a s  
l oca t ed  nea r  l ong i tude  74'40'. No v is ib le  boundary  w a s  observed a t  t h e  t i m e  by 
e i t h e r  t h e  P-3 or  the  Ke lez ,  no r  w a s  i t  observable  later on aerial  photography. 
Based on th i s  boundary  the  Kelez  w a s  d i r e c t e d  t o  c o l l e c t  a d d i t i o n a l  sea t r u t h  
d a t a  a l o n g  t h e  same t r a c k  between 74'20' and 74"50 '  and then  to  remain  in  the  
r e g i o n  f o r  t h e  P-3 ove r f l i gh t s  t he  nex t  day .  
On the  second day  the  Kelez  aga in  co l lec ted  sea t r u t h  b e t w e e n  t h e  same 
coord ina tes   dur ing   the  P-3 o v e r f l i g h t s .  I n  a d d i t i o n ,  t h e  K e l e z  w a s  d i r e c t e d  
t o  c o l l e c t  d a t a  a t  t h r e e  s p e c i f i c  l o c a t i o n s  on i t s  r e t u r n  t r a n s i t  t o  p o r t .  
Based on t h e  MOCS a lgo r i thm each  o f  t hese  loca t ions  w a s  i n  a d i f f e r e n t  water 
mass. 
Pred ic t ion  
One o f  t he  x-y o s c i l l o s c o p e  d i s p l a y s  u s e d  i n  t h e  real time a n a l y s i s  of 
ocean  color  i s  t h e  c r o s s  p l o t  o f  G 
the  t rack .  F igure  10 shows d a t a  c o l l e c t e d  from  an a l t i t u d e  o f  2 . 3  km on the  
f i r s t  o v e r f l i g h t  ( f i g .  9 )  on  October  21,  1980. Each p o i n t  i n  t h e  f i g u r e  i s  
equ iva len t  t o  one  da ta  sample  w i th  a s p a c i a l  r e s o l u t i o n  of 50 meters c o l l e c t e d  
about   every 300 meters a long  the  t r ack .  Pa t t e rns  similar t o  t h e  one i n  t h e  
f igure have been obtained on o ther  miss ions .  The same unnormalized scales are 
always  used. Based  on t h e  l a r g e  number of similar p lo t s  and  the i r  co r re spond ing  
sea t r u t h ,  t h i s  p l o t  was i n t e r p r e t e d  i n  real time as s t a t e d  below. 
792 and G12,2 
f o r  d a t a  a l o n g  t h e  c e n t e r  o f  
There  appeared  to  be  four  bas ic  oceanic  reg ions ,  as l a b e l e d  i n  f i g u r e  11, 
cor re spond ing  to  fou r  d i f f e ren t  t ypes  o f  water masses. Region 1, loca ted  east 
of t he  she l f  b reak ,  cons i s t ed  o f  ve ry  c l ea r  water wi th  ch lo rophy l l  2 concentra- 
t i o n s  less than  1 ug/l.  Region 2 west of   the   she l f   b reak   had   h igher   ch loro-  
p h y l l  a than Region 1 bu t  t he  ave rage  concen t r a t ion  was probably less than 
2 Vg/lT This i s  v e r i f i e d  by examining the plot of the change i n  t h e  i n f l e c t i o n  
r a t i o  s p e c t r a  between  Regions 1 and  2, as shown i n  f i g u r e  1 2 .  Spec t ra  are 
shown for  bo th  days  of  the  miss ion ,  as w e l l  as f o r  a similar condi t ion observed 
during the June mission.  The p rominen t  f ea tu re  in  the  b lue  r eg ion  o f  t he  
spectrum w a s  caused by a change i n  t h e  a b s o r p t i o n  o f  l i g h t  by phytoplankton 
a c r o s s  t h e  s h e l f  b r e a k ,  c l e a r l y  i n d i c a t i n g  a phytoplankton  gradien t  ex is ted  there .  
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Region 3 i nd ica t ed   t ha t   t he   ave rage   ch lo rophy l l  w a s  l ower   t han   i n  
Region 2 b u t  t h e  t u r b i d i t y  w a s  h igher .  The i n f l e c t i o n  r a t i o  s p e c t r a  between 
Regions 2 and 3 are shown f o r  b o t h  d a y s  i n  f i g u r e  13. The shapes  of  these  
cusves are c h a r a c t e r i s t i c  o f  s p e c t r a  f rom regions suspected of  consis t ing of 
o r g a n i c  d e t r i t u s  (compare f i g .  8 and f i g .  13). It i s  p o s s i b l e  t h a t  Region 3 
cou ld  be  an  o rgan ic  de t r i t u s  plume. 
Region 4 w a s  cons ide red  to  be the  Chesapeake Bay plume. I n  t h i s  p a p e r  
on ly  r eg ions  ou t s ide  the  plume w i l l  b e  d i s c u s s e d ,  t h a t  is ,  Regions 1 t o  3 .  
It w a s  t h i s  real time a n a l y s i s  t h a t  l e d  t o  d i r e c t i n g  t h e  K e l e z  t o  c o l l e c t  
sea t r u t h  d a t a  a c r o s s  t h e  s h e l f  b r e a k  and i n  Region 3 on i ts  r e t u r n  t o  p o r t .  
Sea Trv.th 
Sea t r u t h  measurements from 37 bucket samples  col lected by the Kelez on a 
t r a n s i t  o u t  t o  t h e  s h e l f  b r e a k  on  October 21, 1980, are shown i n  f i g u r e  1 4 .  . 
Chlorophyll  - a concentrat ion and Fo/Fa are p l o t t e d  v e r s u s  l o n g i t u d e  p o s i t i o n  
a long   l a t i t ude   36"56 ' .  The Fo/Fa  index i s  a l i n e a r   f u n c t i o n   o f   t h e   r a t i o  of 
pheopigment to  chlorophyl l  plus  pheopigment  in  which a value of 1.1 i n d i c a t e s  
mainly  pheopigment  and 2 .0  i nd ica t e s   ma in ly   ch lo rophy l l   ( r e f .   3 ) .   S ince  by 
f i g u r e  12 G is  t h e  most r e spons ive  a lgo r i thm to  the  da t a  in  Reg ions  1 
and 2, i t  is  used in  f igu re  14  fo r  compar i son  wi th  the  sea t r u t h ;  
i nve r se  of  i s  a c t u a l l y  p l o t t e d  t o  show a p o s i t i v e  c o r r e l a t i o n  w i t h  t h e  
sea t r u t h .  
7Y2 
G;y2* t h e  
G7,2y 
In agreement  with G' f o u r   f a i r l y   d i s t i n c t   r e g i o n s  are ev ident  by t h e  
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chlorophyl l  a data--assuming that  the t ransi t ions between regions are  not  
considered to be  regions.  By v i s u a l   i n s p e c t i o n  G' and ch lorophyl l  a 
a p p e a r   t o   c o r r e l a t e  w e l l  i n  Regions 1 and 2. In  Region 3 G' seems t o  
c o r r e l a t e  be t te r  wi th  Fo/Fa. 
7Y2 - 
7Y2 
Chlorophyll  - a
The cross p l o t   o f  G and  chlorophyll  - a i n   f i g u r e   1 5   i n d i c a t e s  a 
7Y2 
non l inea r  r e l a t ionsh ip  ex i s t s  be tween  the  two parameters .  A curve similar t o  
D u n t l e y ' s   p l o t   i n   f i g u r e   1 6  of r e f l e c t a n c e   f o r  X = 450 nm ve r sus  
ch lorophyl l  a w a s  i n  f a c t  e x p e c t e d .  The scatter i n  t h e  d a t a  f o r  R e g i o n s  3 
and 4 may b e d u e  p a r t l y  t o  t h e  t i m e  d i f f e rence  o f  6 t o  8 hours between water 
bucke t   co l l ec t ion  and t h e  o v e r f l i g h t .  However, t h e   s h a p e   d i f f e r e n c e s   i n   t h e  
p l o t s  ( f i g .  1 4 )  f o r  Region 3 sugges t  t ha t  t he  appa ren t  scatter may be  caused 
by  th.e mix tu re  o f  suspended  subs t ances  in  tha t  r eg ion .  
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Figure 17 shows cons i s t en t  ch lo rophy l l  a d a t a  i n  R e g i o n s  1 and 2 f o r  b o t h  
days  of  the  exper iment .  This  da ta  set i s  t h e  f i r s t  good set from MOCS t o  b e  
u s e d  i n  e s t a b l i s h i n g  a da ta  base  fo r  r emote  sens ing  o f  low ch lo rophy l l  a 
c o n c e n t r a t i o n s .  I n  f i g u r e  18 t h e  a u t h o r  h a s  taken t h e  l i b e r t y  o f  a d d i n g  t o  t h e  
d a t a  set the  ave rage  o f  t he  fou r  da t a  po in t s  fo r  Reg ion  4 and us ing  it t o  draw 
a dashed  curve similar to   Dun t l ey ' s   p lo t   ( f i g .   16 ) .   The re  is evidence,  however, 
t o  s u g g e s t  t h a t  t h e  c u r v e  would n o t  level o f f  as quick ly  for  h igh  concent ra -  
t i o n s  of ch lo rophy l l  a away f rom tu rb id  coas t a l  waters. Future  missions being 
planned or  proposed w i l l  be  d i r ec t ed  toward  e s t ab l i sh ing  the  co r rec t  cu rve .  
Fo/Fa Ra t io  
An i n v e s t i g a t i o n  is be ing  conduc ted  to  de t e rmine  the  s ign i f i cance  o f  t he  
similarities i n  t h e  s h a p e s  o f  t h e  c u r v e s  f o r  G'  and  Fo/Fa i n  Region 3 
( f i g .  1 4 ) .  The c r o s s  p l o t  o f  t h e s e  two p a r a m e t e r s  i n  f i g u r e  1 9  shows t h a t ,  
wh i l e  poss ib l e  l i nea r  cu rves  cou ld  be  drawn between subsets of points,  a com- 
p l e x  p a t t e r n  e x i s t s  f o r  t h e  whole  data set. This  p lo t  demonst ra tes ,  as should 
be  expec ted ,  t ha t  d i f f e ren t  mix tu res  o f  suspended  so l id s  w i l l  in f luence  an  
a l g o r i t h m   d i f f e r e n t l y .  
7Y2 
A v a r i a t i o n  of t h e  G a lgo r i thm w a s  found t h a t   c o r r e l a t e s   f a i r l y  w e l l  
7Y2 
with Fo/Fa fo r   t he   t h ree   r eg ions   on   t he   she l f   (Reg ions  2 t o   4 ) .  This 
a lgor i thm is  given by 
2 
G - s7 - (7) 
7 ,3 ,2  S4 0 Sg 
where  band 5 has been replaced with band 4. F igure  20  shows two p l o t s  of t h i s  
algorithm,  one  for  each  day of the  mission.  Even though  the sea t r u t h  was 
c o l l e c t e d  24  t o  36 hours  be fo re  the  MOCS da t a  fo r  t he  second  day ,  a l i n e a r  
r e l a t i o n s h i p  is e v i d e n t  i n  b o t h  cases. The d a t a  l o o p  i n  t h e  u p p e r  l e f t  c o r n e r  
of t h e  f i g u r e  i n d i c a t e s  t h a t  t h e  MOCS d a t a  and sea t r u t h  are out  of p h a s e ;  i n  
o t h e r  words t h e  "plume"  had s h i f t e d  from  one  day t o  t h e  n e x t .  To show t h i s  
more c l ea r ly ,   t he   a lgo r i thm  and   t he   i nve r se  of  Fo/Fa are p l o t t e d   v e r s u s  sea 
t r u t h  s t a t i o n  i n  f i g u r e  21 .  Based on t h i s  a l g o r i t h m  t h e  plume s h i f t e d  east- 
ward. The r e l a t ive   magn i tudes  of t h e  "plume" f o r  t h e  2 days are unce r t a in  
because of a s h i f t  i n  t h e  a l g o r i t h m ,  and  one of t h e  two d a t a  p o i n t s  c o l l e c t e d  
by the  Kelez  near  th i s  reg ion  on i t s  r e t u r n  t o  p o r t  d o e s  n o t  seem t o  a g r e e  w i t h  
t h i s  s h i f t .  F u r t h e r  a n a l y s i s  may clear up t h i s  u n c e r t a i n t y .  
This  "plume" i s  i n t e r e s t i n g  f rom  severa l   aspec ts .  The Fo/Fa r a t i o   h a s  
been used by marine biologis ts  as an  ind ica tor  of  graz ing  reg ions  of zooplank- 
ton. These t iny animals eat phytoplankton  conver t ing  ch lorophyl l  - a i n t o  
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, pheopigments.  Thu ,
i n d i c a t e  a dep le t ion  
low  values   of  Fo/Fa such as i n  Region 3 ( f ig .  14), may 
o f  a lgae  by inges t ion .  
It is  a l s o  p o s s i b l e  t h e  r e g i o n  is a s s o c i a t e d  w i t h  e i t h e r  a n  o l d  a l g a e  
plume from the Chesapeake Bay o r  w i t h  r e s u s p e n d e d  s o l i d s  h i g h  i n  o r g a n i c  matter. 
I n  t h e s e  cases l o w  va lues  of  F /F may i n d i c a t e  t h e  p r e s e n c e  of o rgan ic  
d e t r i t u s .  It is reasonab le   t o   expec t   t he  Fo/Fa index ,   the   co lor   o f   the   ocean  
a n d ,  t h e r e f o r e ,  t h e  i n f l e c t i o n  r a t i o  s p e c t r u m  t o  v a r y  w i t h  t h e  p e r c e n t a g e  o f  
l i ve  and dead algae in  the ocean.  There is ev idence  sugges t ing  tha t  similar 
regions existed beyond the Chesapeake Bay plumes during both the spring and 
summer Super f lux  exper iments ,  bu t  the  sea t r u t h  d a t a  a n a l y z e d  t h u s  f a r  h a s  n o t  
b e e n  s u f f i c i e n t  f o r  u n d e r s t a n d i n g  t h i s  r e g i o n .  
o a  
One f a c t  is q u i t e  clear, however: t h e  i n f l e c t i o n  r a t i o  s p e c t r a  ( f i g .  13) 
from this reg ion  are d i s t i n c t l y  d i f f e r e n t  from those of a l g a e  ( f i g .  7). A 
dedicated experiment  is needed t o  r e m o t e l y  l o c a t e  t h i s  r e g i o n  a n d  t h e n  t o  
c o l l e c t  water samples  fo r  t ho rough  ana lyses  o f  t he  cons t i t uen t s  i n  the  water. 
CONCLUDING REMARKS 
The October mission w a s  t h e  most success fu l  MOCS experiment conducted to 
date ,  pr imari ly  because of  the real-time connection between the remote sensor 
on t h e  a i r c r a f t  a n d  t h e  sea t ru th  sh ip .  P red ic t ions  based  on t h e  real-time 
a n a l y s i s  o f  t h e  MOCS a lgo r i thm were u s e d  t o  d i r e c t  t h e  K e l e z  t o  s p e c i f i c  sea 
t r u t h  s t a t i o n s .  The goa l  o f  l oca t ing  a p r ime  r eg ion  o f  i n t e re s t  w a s  achieved 
a l o n g  w i t h  t h e  s u c c e s s f u l  c o l l e c t i o n  o f  i n  s i t u  d a t a  i n  t h a t  r e g i o n .  The d a t a  
sets cons i s t ing  o f  r emote  and  in  s i t u  da t a  fo r  bo th  days  were c o n s i s t e n t .  It 
i s  a n t i c i p a t e d  t h a t  t h i s  d a t a  w i l l  p l a y  a n  i m p o r t a n t  r o l e  i n  t e s t i n g  a l g o r i t h -  
mic cons i s t ency  o f  fu tu re  da t a  sets of  low concent ra t ions  of  ch lorophyl l  a. 
Real t i m e  p red ic t ions  dur ing  the  miss ion  based  on  the  a lgor i thm w e r e ,  as a 
whole,  confirmed by t h e  sea t r u t h  d a t a .  
The mission w a s  a l s o  s u c c e s s f u l  i n  t h a t  a n  a d d i t i o n a l  o c e a n i , c  r e g i o n  w a s  
l oca t ed  which may be  of  fundamental  interest  to  marine biologis ts .  Although 
the  sea t r u t h  d a t a  p r e s e n t l y  a v a i l a b l e  is  n o t  a d e q u a t e  t o  " e x p l a i n "  t h i s  
region (Region 3 i n  f i g .  14), discovery of i t  and i t s  remote  sens ing  s igna ture  
may have set the  s t age  fo r  fu tu re  expe r imen t s  conce rn ing  i t s  na tu re .  
Analysis  of t h e  MOCS d a t a  w i t h  t h e  sea t r u t h ,  i n  a d d i t i o n  t o  c o n f i r m i n g  
p r e d i c t i o n s  and demonstrat ing data  consis tency,  reaff i rmed the author 's  con- 
v i c t ion   conce rn ing  a fundamental   point:  no  ne j value  of   the MOCS a lgor i thm 
o r  of  any other  s imple algori thm i s  l i k e l y  t o  b e  found tha t  can  be  used  a lone  
to  quan t i fy  d i f f e ren t  k inds  o f  suspended  matter. A s  supported by t h e  p l o t s  i n  
f i g u r e s 1 5  a n d  1 9 ,  d i f f e r e n t  mixes i n f l u e n c e  t h e  c o l o r  o f  t h e  o c e a n  d i f f e r e n t l y .  
I n  low t u r b i d i t y  water o f f s h o r e  G (or  G 
bu t  MOCS da ta  f rom other  exper iments  sugges t  tha t  perhaps  as many as e i g h t  j 
va lues   o f  G may b e   r e q u i r e d   t o   i d e n t i f y  and accu ra t e ly   quan t i fy   nea r shore  
plumes. j ,2 
7,,2 7 , 3 , 2 )  and G12 , 2 may be adequate ,  
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TABLE 1.- MOCS  SPECIFICATIONS 
- - . - - - . . . 
Sensor: Image  Dissector 
Scan  Rate: 3.51  Scans/sec. 
Number of Spectra: 150  Spectra/Scan 
Spectral  Range : 400-700  nm  (Table 2)
Spectral  Resolution: 15  nm 
Field-of-View: 17.1" 
Spacial  Resolution: 4 x 2 millirad. 
TABLE 2.-  MOCS  SPECTRAL BANDS 
Center 
(nanome t er s ) (nanometers) 
Center 
Band Wavelength Band Wavelength 
1 
678  19  521 9 
663  18  506 8 
64  7 17 490 7 
631 16  475 6 
616 15 460 5 
601  14 445 4 
584  13  430  3 
568 12 415 2 
552 11 400 
10 537 20  694 
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1.- MOCS a i r c r a f t  real-time o c e a n   c o l o r   a n a l y z e r .  
I I I I I I 
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I I 
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1-1 
MOCS band 
F i g u r e  2.- Raw MOCS s p e c t r a  c o l l e c t e d  o n  A p r i l  7 ,  1976 f rom 




F i g u r e  3 . -  D i f f e r e n c e  s p e c t r a  o f  2-5 pg/R c h l o r o p h y l l  a_ f r o m  f i g u r e  2 .  
< 1 pg/C Chlor a 
( June 4,1975 ) 
1 1 1 , 1 , 1 , 1 , 1 , 1 1 1 , 1 , ~  
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MOCS band 
0 2 4 6 8 10 12 14 16 18  20
MOCS band 
F i g u r e  4 . -  R a w  MOCS s p e c t r a  ( n o r m a l i z e d  i n  ( b ) )  c o l l e c t e d  
from 5 . 3  km a l t i t u d e  n e a r  C h e s a p e a k e  Bay e n t r a n c e .  
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F i g u r e  6.- MOCS i n f l e c t i o n  r a t i o  s p e c t r a  f o r  c l e a r  water;  v e r t i c a l  l i n e s  
i n d i c a t e  r a n g e  f o r  s a m p l e s  from l i s t e d  m i s s i o n s .  
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F i g u r e  7.- I n f l e c t i o n  r a t i o  s p e c t r a  f o r  MOCS da t a  i n  f i g u r e  4 .  
F i g u r e  8.- MOCS i n f l e c t i o n  r a t i o  s p e c t r u m  f o r  d a t a  c o l l e c t e d  
near  Chesapeake  Bay e n t r a n c e  o n  March 2 7 ,  1979 .  
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F i g u r e  9.- T rack  of t h e  K e l e z  and NASA P-3 on Oc tobe r  21 ,  1980. 
G12,2 
Figure  10 . -  Cross plot of G 7,2 and G12,2 f o r  MOCS data 




Figure  11.- Same as f i g u r e  10 wi th  ocean ic  r eg ions  l abe led .  
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Figure  1 2 . -  I n f l e c t i o n  r a t i o  s p e c t r a  f o r  c h l o r o p h y l l  5 
(0-2 ?lg/R) across  she l f  b reak .  
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1 4 . -  S k e t c h e s  o f  s e a   t r u t h   d a t a   a n d  G a l o n g   f l i g h t   r a c k  
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F i g u r e  15.-  G v e r s u s   c h l o r o p h y l l  a f o r  d a t a   c o l l e c t e d   o n   O c t o b e r  2 1 ,  1980. 
( L i n e s  c o n n e c t  c o n s e c u t i v e  s t a t i o n s  i n  r e g i o n s  3 and 4 . )  7 3 2  
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F i g u r e  18.- Same as f i g u r e  1 7  w i t h  h y p o t h e t i c a l  c u r v e  a d d e d .  
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F i g u r e  19.-  G v e r s u s  F / F  f o r  d a t a  c o l l e c t e d  
on October  2 1 ,  1980. 
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F i g u r e  20.  - v e r s u s  F I F   i n   r e g i o n s  2 ,  3 ,  and 4 .  G 7 , 3 , 2  o a  
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21.-  S k e t c h e s  of  F /F   and  G v e r s u s  
a o  7 , 3 3 2  
sea t r u t h  s t a t i o n  i n  r e g i o n  3 .  
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